Introduction
Phosphophoryns (Dimuzio and Veis, 1978a) are the major noncollagenous proteins of the dentin matrix. Veis and Sabsay (1983) have proposed a model for dentin mineralization in which a phosphophoryn is involved as the major initiation factor, directing the orderly deposition of hydroxyapatite onto the collagenous framework. One of the principal problems in testing this hypothesis concerns localization of the phosphophoryn.
The single most important premise for the model is that phosphophoryn must be present at the mineralization front, and must be not present or inactive in the adjacent non-mineralizing predentin zone. Weinstock and Leblond (1973) showed that [33P]-labeled proteins, presumably phosphophoryns, were synthesized and secreted by odontoblasts and quickly passed through the predentin to the mineralization front.
Most of the biochemical and biosynthetic evidence suggests that newly synthesized phosphophoryns are secreted via the odontoblastic processes directly at the processes, no stain over the predentin, dense staining over the intertubular dentin, and no stain over the mantle dentin. In the mtertubular dentin the stain intensity was directly related to the distribution of mineral. These findings were directly corroborated by staining with Stains All. The mmeralization of dentin and the distribution of phosphophoryn within the dentin may be much less uniform than previously supposed.
UHiswchem
Cywchcm 36:153-157, 1988) 1985) and the non-phosphorylated protein precursor prepared by cellfree synthesis of phosphophoryn from odontoblast mRNA (Maier et al., 1985) .
We show that the concentration of phosphophoryn in dentin is directly related to the presence of mineralization, and that its distribution within the dentin is far from uniform.
Materials and Methods
Affinity-purified Anti-rat Incisor Phosphophoryn Antibody Tween-20. In this case, the controls were 0.6 N HCI-etched sections, treated as above, or 0.5 N acetic acid-etched sections treated with pre-immune serum.
Color was developed by addition of0.1% (w/v)of3,3'-diaminobenzidine tetrahydrochloride in 0.05 M Tris-HCI, pH 7.5, containing 0.0125%
H202.
Incubation was at 37'C for 30 mm in the dark. 
Sections

Results
Demineralized Sections
The process of perfusion of the rat with glutaraldehyde fixes the accessible soft tissue protein components, including those in the incisor odontoblasts and pulp, but does not fix the proteins bur- the predentin region did not stain but the cell layer did 
Mineralized Sections
The completely demineralized sections were very hard to process through all of the washes without separation of the cell layer from the much more dense dentin.
The use of partially dernineralized teeth provided much better sections. In this procedure, the duration and extent ofdemineralization are fairly critical.
The best seetions were obtained after 4-6 days in 0.5 N acetic acid at 4'C. After frozen sections were cut from the partially dernineralized teeth, the sections were rinsed briefly in cacodylate buffer, then surfaceetched in 0.5 N acetic acid for 2-5 minutes, followed by an immediate wash with cacodylate buffer (pH 7.4) and incubation with the anti-RIPP antibody. As shown in Figure 2 , the pulp, odontoblasts, predentin, dentin, and enamel can all be seen in a single section.
In Figure 2 , localization ofthe RIPP was carried out using the indirect immunoperoxidase method with peroxidase-conjugated protein A. The RIPP was clearly localized to the region of the intertubular dentin.
The enamel was negative, and both mantle dentin and predentin were unstained. The odontoblast layer appeared to
Micrographs of demineralized rat incisor sections stained with anti a-RIPP antibody. D, dentin; Pd, predentin; Od, odontoblasts; Md, mantle dentin; P, pulp. Bars = 100 m. (a) Aldehyde-stabilized, E A-demineralized section stained with affinity-purified anti-RIPP antibody followed by peroxidaseconjugated goat anti-rabbit lgG.
Original magnification x 150. (b) Rat incisor section incubated with pre-immune serum and stained as in (a). No staining is seen over dentin, but the odontoblasts and pulp cells are stained above background levels. Original magnification x 150. (C) Rat incisor section incubated with peroxidase-conjugated goat anti-rabbit IgG (the whole molecule), but no anti-RIPP or pre-immune serum. The predentin as well as the cell layer shows heavy staining.
Original magnification x 157. (d) Similar to (C) except that the section was incubated with the ((Fat')2 fragment-specific] IgG instead of the whole IgG molecule.
No stain is seen over the predentin, but the cell layer did stain. Original magnification x 157. (a) A rat section treated with 0.6 N HCI for complete demineralization and removal of PP, then incubated with RIPP antibody, followed by incubation with peroxidase-conjugated protein A. Only the residual vascular elements not removed during perfusion produced dense brown precipitation.
Original magnification x 180. (f) Similar section to (a), incubated with fluorescent-labeled second antibody.
Original magnification x 150.
have faint staining in the form ofgranules, and the odontoblastic processes coursing through the predentin, and in the plane of focus (solid arrowhead, Figure  2 ), were stained.
The dentin itself does not stain with uniform density, and the density seems to follow the extent of dentin minera The mantle dentin is lightly stained and the predentin unstained. The odontoblast layer is fairly uniformly but lightly stained, and the bulk ofthe pulp is not stained. The dentin matrix is deep blue, but variations in density are evident and the globular dentin is easily visualized. acid and incubated with affinitypurified RIPP antibody, followed by incubation with peroxidase-conjugated protein A. RIPP is clearly localized to the region of the intertubular dentin. Enamel and predentin are unstained.
Odontoblastic processes coursing through the predentin (solid arrowhead) are stained. Interglobular dentin (open arrow) appears to contain a lower concentration of RIPP. D, dentin; Md, mantle dentin; E, enamel;
Od, odontoblasts; P, pulp. Original magnification x 157. Bar = 100
Mm. whereas the dentin matrix is heavily stained.
Odontoblasts are highly stained. D, dentin; Od, odontoblast; P. pulp; Pd, predentin.
Original magnification
x 157. Bar = 100 Mm. The principal findings are shown in Figure  2 . RIPP is very strongly localized to the region ofthe mature intertubular dentin.
Discussion
In confirmation of earlier studies (Maier et al. , 1983; Carmichael et al., 1978; Weinstock and Leblond, 1973) , phosphophoryn is not present in sufficient concentration to be seen in the predentin. The faint staining seen in this region appears to be localized to the odontoblastic processes, suggesting that movement through the process is the route ofentry ofphosphophoryn into the mineralization front.
Even more interesting is the low concentration of phosphophoryn in the mantle dentin. The likelihood that this is an artifact of preparation is small. The retention of the enamel phase is good evidence that the mantle dentin is intact. A number of studies (Katchubrian, 1977; Katchubrian, 1973a Katchubrian, , 1973b have suggested that mineralization of the mantle dentin follows a mechanism different from that of the intertubular dentin, perhaps mediated in some way by the presence of matrix vesicles (Almuddaris  and Dough terty, 1979; Bernard, 1972; Eisenmann and Glick, 1972) . The lack of phosphophoryn in the mantle dentin lends credence to this ar- The very faint staining of the odontoblasts suggests that the intracellular concentrations of phosphophoryn in these sections, wherein the dentin is reasonably mature, is likely to be small. Hence, further study of the intracellular phosphophoryn and the route of its secretion will require the use ofimmunolocalization at the dcctron microscopic level. Such studies are in progress.
Another area for study is in quantification of the distribution of phosphophoryn throughout the dentin. It is obvious that the distribution is not uniform. Since phosphophoryn and mineral content seem to be parallel, as suggested by the fact that RIPP is diminished in the vicinity ofglobular dentin, then the mineralization of the dentin may be much less uniform than has been supposed. These studies, too, are in progress.
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